Lepton flavor violating Higgs decays can arise in flavor symmetry models where the Higgs sector is responsible for both the electroweak and the flavor symmetry breaking. Here we advocate a minimal S4 Three-Higgs-Doublet-Model with Lepton Flavor Triality. This model can explain the 2.5 σ excess of Higgs decay final states with a µτ topology reported recently by CMS if the Standard Model like Higgs and the new neutral Higgs bosons are almost degenerate in mass. The model predicts sizable rates for lepton flavor violating Higgs decays also in the eτ and eµ channels, while flavor violating lepton decays are suppressed as a consequence of Lepton Flavor Triality. PACS numbers: 11.30.Hv, 14.80.Ec Lepton flavor violating (LFV) Higgs decays have been advocated as a harbinger of flavor symmetries explaining the large amount of lepton flavor mixing [1-4] (see [5] for a very recent analysis in the context of continuous symmetries). Indeed, substantial LFV Higgs couplings can arise quite naturally in such models as a consequence of the maximal atmospheric µ − τ mixing in the PMNS matrix. To manifest itself in the physical mass basis, a misalignment of the Higgs doublets, typically utilized to yield a realistic symmetry breaking pattern, is necessary. While the scalar sector in [1-4] decomposes into a Standard Model (SM)-like Higgs doublet and new exotic scalars experiencing LFV decays, in the following we present an S 4 flavor model where these states mix, which can result in sizable LFV decays of the SM-like Higgs boson. This is particularly interesting after the recent report by the CMS collaboration of a 2.5 σ anomaly in the h → µτ channel with a best-fit of Br(h → µτ ) ≈ 0.89% [6]. Notably, the discrete group S 4 has been shown to be the most natural flavor symmetry of the tribimaximal (TBM) mixing scheme in the leptonic sector, with purely group theoretical arguments [7] [8] [9] , as well as in explicit flavor models [10] [11] [12] . In particular, it has been demonstrated that, in order to obtain a nontrivial lepton mixing matrix, the global symmetry has to be broken down to two distinct subgroups in the charged lepton and neutrino sector. This can be easily achieved in S 4 based models choosing specific vacuum alignments, which correspond to the global minima of the scalar potential. Furthermore, aside from the groups A 4 and ∆(27), the S 4 group is the smallest group containing an irreducible triplet representation that can accommodate the three fermion families of the Standard model (SM). Non-supersymmetric S 4 models based on TBM mixing but accommodating a large θ 13 have been discussed e.g. in [13] [14] [15] . To evade bounds from the tightly constrained radiative decays l α → l β γ, we consider the special case in which S 4 is broken down to a residual Z 3 subgroup (see [2] in the context of the symmetry groups A 4 , T 7 , and ∆(27), referred to as Lepton Flavor Triality). This discrete Z 3 symmetry is obtained when scalar doublets in the irreducible triplet representation 3 of S 4 assume the specific vacuum alignment (1, 1, 1) . In the following we concentrate on the possibility of flavor violation in the leptonic sector, therefore our requirements for a realistic model are nonzero and nondegenerate charged lepton mass eigenstates, as well as nontrivial mixing U l to account for the observables of the PMNS matrix U PMNS = U † l U ν . The study of quark masses and mixings is beyond the scope of this work and thus postponed to a future publication. The minimal assignment containing two S 4 triplets, one of them being a lepton triplet and the other a scalar one, requires the extension of the scalar sector with two additional SU (2) doublets. Along with the regular SM Higgs, they are unified into an S 4 triplet and jointly break the electroweak (EW) symmetry of the SM by spontaneously acquiring vacuum expectation values (VEVs) at the EW scale. Such models are usually referred as Three-Higgs-Doublet-Models (3HDMs) and have been extensively analyzed in the past, e.g., in [16, 17] . The particle assignments in the notation (S 4 , SU (2)) are L = (L e , L µ , L τ ) : (3 , 2) , τ R : (1, 1) , (e R , µ R ) : (2, 1) , φ = (φ 1 , φ 2 , φ 3 ) : (3 , 2) , η : (1 , 1) . (1) The scalar fields φ j (j = 1, 2, 3) and the left-handed fermion SU (2) doublets are assigned to the S 4 triplet representation 3 to ensure that the vacuum alignment v √ 3
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The scalar fields φ j (j = 1, 2, 3) and the left-handed fermion SU (2) doublets are assigned to the S 4 triplet representation 3 to ensure that the vacuum alignment
(1, 1, 1) of φ breaks the S 4 flavor structure down to Z 3 [10] . Note * Electronic address: miguel.campos@postgrado.usm.cl † Electronic address: antonio.carcamo@usm.cl ‡ Electronic address: heinrich.paes@tu-dortmund.de § Electronic address: erik.schumacher@tu-dortmund.de that an extra singlet scalar η under S 4 and SU (2) will be necessary to obtain nondegenerate charged lepton masses. As a consequence of the particle assignments given in ?? the scalar potential V (φ) involving only the φ field is the general S 4 invariant scalar potential of a 3HDM [17] , while solely quartic interactions in V (φ, η) of φ and η are allowed due to η being assigned to a nontrivial S 4 singlet. The renormalizable scalar potential is
The global minima of an S 4 invariant 3HDM potential are well known by geometrical methods [16] , where each vacuum alignment breaks the S 4 flavor structure down to a different subgroup. Specifically, the point
(1, 1, 1) becomes the global minimum at
with λ ≡ α + 2 3 (β + γ + δ) and ζ ≡ ζ 1 + ζ 2 + ζ 3 . The condition that the Hessian is positive definite at this minimum with a potential that is bounded from below results in the following parameter constraints
The complete scalar sector is given by
It includes 4 CP even neutral scalars (φ , of which three degrees of freedom will be eaten by the W ± and Z gauge bosons. We take the decoupling limit, in which the mixing of the scalars φ j and η is minimized since η 0 R and η 0 I are assumed to be very heavy. Therefore the scalar masses can be extracted by diagonalizing the 3 × 3 matrices containing the second order contributions to V (φ) + V (η) + V (φ, η) which leads to the physical mass spectrum
and m(φ As will be shown in the following the additional scalar fields do not couple to the SM gauge bosons and consequently their masses are not constrained by the usual Higgs searches performed in the LEP and LHC experiments [18, 19] . This means that they can be either smaller or larger than φ 0 cR identified as the SM Higgs. The weak basis fields φ 1,2,3 are given by the following linear combinations of the physical scalars φ a,b,c :
These equations hold for the charged, CP even and CP odd components of φ and demonstrate that φ The relevant S 4 -invariant Yukawa terms for the charged leptons
lead to the following charged lepton mixing matrix in the weak basis
with ω = e 2iπ/3 . The Yukawa couplings are completely fixed by the charged lepton masses m e = v(y 2 − vη Λ y 3 ), m µ = v(y 2 + vη Λ y 3 ), and m τ = vy 1 . The mass hierarchy m e m µ m τ can thus be explained by assuming y 2 ≈ y 3 y 1 , with η acquiring its VEV close to the cutoff of the model, i.e, v η ≈ Λ. The structure of M l exhibits the underlying Z 3 symmetry, which has been shown to lead to TBM mixing in leading order [2, 10] and in particular to exact lepton mixing angles with next-to-leading order contributions from the neutrino sector, see e.g. [20, 21] . The S 4 triplets are accommodated in the Z 3 eigenstates 1, 1 , 1 or 1, ω and ω 2 , respectively,
The Yukawa structures for the couplings of the charged leptons to the physical scalars φ 
where the factors in parenthesis apply only to the structure of Y a . With the Yukawa couplings given by ?? we can calculate the decay rates Γ of the physical scalars φ 0 kR into the charged leptons l i and l c j at tree-level (k = a, b, c; i, j = e, µ, τ ):
Various leptonic final states are obtained at one-loop level through mixing of the SM Higgs φ 
The only detected leptonic Higgs decay channel h → τ τ has a measured branching ratio of (0.78 ± 0.27) times the SM expectation for a 125 GeV Higgs boson [23] . Here this decay is induced by the SM Higgs φ 0 cR and therefore no deviation from the SM is expected in this channel, in perfect agreement with the present CMS data. Since the masses of the additional scalar fields are not specified, we determine the decay rates Γ and the branching ratios Br(φ GeV. Near the best-fit value we predict the following branching ratios: 
Of the LFV lepton decays only τ ± → µ ± µ ± e ∓ is allowed at tree level by virtue of the Lepton Flavor Triality, but still several orders of magnitude below the present experimental sensitivity. The branching ratio Br(τ → 3µ) ≈ 2.6×10 −12 is directly related to Br(h → µτ ) and about four orders of magnitude below the current experimental bound [24] . In summary we have investigated a lepton flavor model based on the discrete S 4 symmetry that can give rise to LFV Higgs decays, where the strongly constrained radiative decays l α → l β γ are suppressed by a remnant Z 3 symmetry. LFV can be realized with only three SU (2) scalar doublets and one extra singlet scalar. We obtain a sizable branching ratio particularly in the flavor violating h → µτ c channel, accounting for the 2.5 σ deviation from the SM as indicated by preliminary CMS results. This is a consequence of mixing between an SM-like Higgs with two nonstandard neutral scalars that can decay into flavor violating final states. We thus expect large branching fractions for h → eµ and h → eτ in our model.
